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[10191/3417] 

METHOD FOR CHARGING A BATTERY 
Field Of The Invention 

The present invention starts out from a method for charging a battery and relates in 
particular to the charging of lead-acid batteries in motor vehicles. 

5 Background Information 

In the electric system of motor vehicles, the electrical energy needed for the 
electrical supply is typically produced by generators, their output voltage being 
regulated to largely constant values in a predefinable manner via a voltage regulator. 
The battery is typically charged with this approximately constant voltage, the actual 
10 charging voltage being set via the voltage regulator such that predefinable 
parameters are taken into consideration. A voltage regulator that regulates 
according to a characteristic curve that can be dependent on different parameters, 
e.g. temperature, is used for this purpose. For regulation, a point is then selected on 
this characteristic curve, and a control voltage is set accordingly. 

15 

The value of the set voltage is restricted at the top to reduce negative effects on the 
battery as much as possible. In this manner, corrosion and water consumption are to 
be reduced to the greatest possible extent. 

20 Modern vehicles with diverse current consumers require powerful generators 

allowing longer battery charging phases already at low engine speeds. In vehicle 
operation, the output of the generator typically covers the current requirement to the 
extent that no battery discharge occurs. Particularly powerful generators provide 
high charging currents already at low engine speeds, thereby resulting in constant 

25 battery charging. 

However, when charging batteries below the gassing voltage, a concentration 
polarization of the electrodes results due to the built-up acid with a higher density in 
the pore structure. This relates to maintenance-free batteries in lead-calcium 
30 technology in particular. The counter-voltage of the battery increases as a result of 
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these procedures, and a charging current is no longer received. The higher density 
acid sinks down within the cell. Since the exchange of acid directly in the pore 
structure of the plates of the battery with the acid reservoir between the electrodes 
can only occur via diffusion, exchange processes occur very slowly. The observed 
5 acid stratification, which limits the usable capacity of the battery and results in a 
reduction in the duration of usage time, occurs in the battery particularly in 
combination with discharges via high currents that mainly discharge the upper 
electrode portion of the battery electrodes. 

10 Summary Of The Invention 

The method according to the present invention is able to prevent the usable capacity 
from being limited by acid stratification occurring in the battery. This advantage is 
achieved by dynamizing the charging phase either by forcing discharges or by 
temporarily increasing the charging voltage. Such discharges are introduced in a 

15 suitable manner. For example, a brief discharge is forced in an advantageous 

manner at regular intervals during a charging phase. The temporary discharge can 
be achieved either by temporarily switching on consumers, in particular high current 
consumers, or by interrupting the charging phases at predefinable instants. 

20 The interruption of the charging phases can be advantageously achieved by 

regularly interrupting the excitation of the generator. For this purpose, the transistor 
of the voltage regulator, for example, is accordingly controlled such that it is blocked 
at predefinable instants. The regular interruption of the charging phases allows 
improved battery charging, i.e., an increase in the usable charge as a result of a 

25 reduction in the acid stratification. A charge/discharge frequency in which there is a 
one-second discharge at least every minute or the charge is interrupted, for 
example, every 30 seconds for one second proved to be particularly advantageous. 
The discharge current strength results from the vehicle electric system requirements 
or can be set via the switching on/off of supplementary consumers. 

30 

However, the charging phase can also be dynamized by temporarily exceeding the 
gassing voltage. The resulting gas causes the acid in the cells of the battery to mix, 
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thereby reducing the acid stratification that results in negative effects. 

In this context, it is particularly advantageous that the effective mixing of the battery 
acid results in a general improvement in the receiving of the charging current, and a 
5 more precise determination of the charge state of the battery is also possible via a 
determination of the acid density. This exactly determinable charge state can be 
advantageously taken into consideration in subsequent battery management. 

In addition, it is advantageous that during dynamization via temporary discharging as 
10 well as during dynamization via temporary increasing of the charging voltage and as 
such of the output voltage of the generator, parameters and boundary conditions 
can be taken into consideration in such a manner that an optimal battery charge is 
achieved without disturbing side effects. In this context, corrosion of the battery 
electrodes is advantageously prevented and water consumption is minimized. If 
15 voltage-sensitive consumers are to be taken into consideration, it is advantageously 
possible to proceed so that a voltage is introduced only when these consumers are 
switched off or when it is possible to switch them off. In a preferred embodiment the 
two methods for dynamizing the charging phase are combined so that discharges at 
predefinable instants or under predefinable conditions and an increase of the charge 
20 voltage at predefinable instants or under predefinable conditions are both 
performed. 

Brief Description Of The Drawing 

The Figure shows an example of a vehicle electric system having the components of 
25 the vehicle electric system important to the present invention. 

Detailed Description 

The Figure shows a generator as well as the corresponding control circuit for 
carrying out the method according to the present invention. Generator 10 includes 
30 excitation winding 11 and stator windings 12, 13, and 14. Excitation current or field 

current IF, which is regulated by voltage regulator 15 in a predefinable manner, flows 
through excitation winding 1 1 . Generator 10 is driven by the crankshaft of the 
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internal combustion engine (not shown) via suitable coupling means and emits a 
regulated output voltage or output current. 

A pulse inverter 16 having pulse inverter elements 17 through 22, which are 
5 controlled in a predefinable manner either also by regulator 15 or by an external 

control device 23 in order to regulate the generator output voltage to desired values, 
is used for rectifying the current produced in the windings of generator 10. Instead of 
the pulse inverter, a conventional rectifier having six diodes or Zener diodes is also 
possible. 

10 

A capacitor 24, which is connected to the pulse inverter, is used for temporary 
storage. The output of generator 10 supplies battery current IB, which is used for 
charging battery 25. Current IB is used for supplying the electrical consumers in the 
electric system. The battery voltage is designated as UB. The battery voltage is 

15 supplied to voltage regulator 15 via connection 26 as an actual value. Consumers 27 
are activated via switching means 28, which are controlled, for example, by control 
device 23 in a predefinable manner. Consumers 27 are to symbolize the different 
electrical consumers in the vehicle electric system. Additional consumers 29 can 
also be switched on or off via switching means 30. Consumers 29 are the 

20 consumers that are activated according to the present invention to dynamize the 
charging phase, e.g. the rear window defroster. 

Using the system represented in the drawing, the charging method according to the 
present invention can be carried out for battery 25. The necessary control pulses or 

25 changeovers are introduced via control device 23, which can be situated at the 
generator as the electronics. Control device 23 can also be part of the voltage 
regulator or can be integrated in an electric system or battery management control 
unit and includes at least one microprocessor, which performs the necessary 
calculations, suitable accumulators, means via which necessary information can be 

30 supplied, as well as means for generating control pulses. To ensure that the 

disadvantages of battery charging indicated in the "Background Information" section 
do not occur, control device 23 carries out both charging methods or procedures 
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described in the following: 

1. The charging phase is dynamized by exceeding the gassing voltage. In order to 
prevent acid stratification in the battery, the charging voltage is raised above the 
5 gassing voltage of the battery at predefinable instants or conditions. As a result, gas 
bubbles form in the acid ensuring optimal mixing of the acid in the individual battery 
cells. A permanent increase in the charging voltage is not possible due to the 
negative effects on corrosion and water consumption. The frequency of the voltage 
increase may be adjusted to predefinable conditions and is determined in tests, for 

10 example. A voltage increase to 16 volts, for example, in a 12-volt electric system is 
performed only when the lights are switched off because such a voltage increase 
could cause the lights to flicker. The described increase in charging voltage 
generally creates gas bubbles that cause the acid areas with different densities to 
mix. This counteracts the formation of a higher counter-voltage as well as acid 

15 stratification. 

The increase in charging voltage is triggered by control device 23, provided that 
certain conditions are met. The target value for the voltage regulator, for example, is 
then increased in such a manner that the generator emits a voltage that results in a 
20 voltage of, e.g., 16 volts at battery 25. It is also possible in the case of a controlled 
rectifier bridge to control the pulse inverter elements in such a manner that a voltage 
above the gassing voltage is temporarily applied to the battery. 

The ratio of charging time to overcharging time may be empirically determined for 
25 different vehicle electric systems and battery types. For example, a ratio of 2 

minutes of charging time and 2 seconds of overcharging time was shown to be 
advantageous and to eliminate negative effects such as high water consumption and 
corrosion. 

30 2. In a second charging method, the charging phase is dynamized via targeted 

discharges. In this context, a brief discharge is forced during a charging phase at 
regular intervals. This occurs, for example, by activating a strong consumer, e.g. the 
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rear window defroster. Corresponding switch 30 of consumer 29 is closed 
temporarily by supplying a control signal. However, discharging of battery 25 can 
also be achieved by interrupting the excitation of the generator or by de-excitation. 
For this purpose, regulator 15 or control device 23 influences excitation current IE 
5 via excitation winding 1 1 in such a manner that it returns to a minimum value. For 
example, the excitation current is influenced or regulated such that it is reduced to 
zero for one second every 20 to 30 seconds, this influencing of the excitation current 
being performed in addition to the usual regulation of the excitation current. 

10 A discharge pulse results in a depolarization of the electrodes since the acid density 
decreases locally, thus temporarily resulting in improved receiving of the charging 
current. The frequency and the discharge current strength at which optimal mixing 
occurs can be determined on a battery-specific basis via tests, for example. Values, 
for example, of 1 minute of charging and 12 seconds of discharging have good 

15 results. Such a dynamization of the charging phases allows a vertical stratification of 
the acid density with short diffusion distances. Such a method can also be used in 
laboratory charging. The reduction in concentration polarization results in improved 
receiving of the charging current as compared to conventional systems. 

20 A targeted de-excitation of the generator may also be used to generate a discharge 
pulse. For this purpose, voltage regulator 15 switches off the excitation current at 
predefinable instants and/or under predefinable conditions. 

The two above-described charging methods may also be combined in a suitable 
25 manner. Two methods for depolarizing the electrodes are then used simultaneously, 
and acid stratification can be reliably prevented. The proportion of use of the two 
methods may be adapted to the specific battery and is to be determined, for 
example, by evaluating tests. 

30 In the case of a voltage increase that affects the entire electric system, the luminous 
intensity of the headlights is also influenced. In this case, the voltage increase 
should only be performed when the main headlights are switched off. In countries 



requiring fundamental use of headlights when the vehicle is in operation or under 
conditions that require long-term headlight use, an additional light sensor may be 
used, the dynamized charging via voltage increase then only being performed during 
the day since fluctuations in the luminous intensity of the headlights are not 
particularly noticeable in the daylight. 

In the case of a generator having a controlled rectifier bridge, e.g. a bridge with 
pulse inverters, the voltage may be regulated via the controlled bridge as well as by 
influencing the excitation current. In the case of a generator having a diode bridge, 
this may be achieved only by influencing the excitation current and as such the 
magnitude of the output voltage of the generator. 

The charging method is carried out in such a manner that negative effects on 
specific values are prevented, predefinable priorities being taken into consideration 
in the selection of the methods. The charging voltage is only increased under 
predefinable conditions, in particular, only when no voltage-critical consumers are 
switched on or when such consumers can be switched off prior to the voltage 
increase. 

The described methods for charging a battery are usually carried out in a vehicle 
electric system having a generator including a voltage regulator and a battery for 
supplying the electric system consumers as well as control means that allow the 
methods to be carried out. 



